Abstract Orthopedic and dental implants experience the synergistic effect of wear and corrosion, i.e., tribocorrosion, which has been a major contributor to the premature failure of implants. This work focuses on the development of a compact and cost-effective tribocorrosion apparatus for the investigation of fretting and wear. The custom-built apparatus is validated with an analysis of the tribocorrosion behavior of Ti6Al-4V disks in artificial saliva (pH = 6.5, T = 37°C). Electrochemical impedance spectroscopy, potentiodynamic, free potential, and potentiostatic analyses were used for electrochemical characterization of Ti-6Al-4V disks. White light interferometry and scanning electron microscopy were used to analyze wear scars on the Ti-6Al-4V disks. Total wear loss was calculated to be 12.4 ± 1.5 lg, and the synergistic weight loss ratio (0.78 ± 0.1) showed that Ti-6Al-4V disks experience synergy of wear and corrosion, with wear being the dominant component.
Introduction
Tribocorrosion is defined as the synergistic combination of oxidation/reduction reactions and wear [1] [2] [3] [4] . While implant integration and infection control remain priorities, poor tribocorrosion behavior of biomedical implants has continued to be a major concern [5] [6] [7] [8] [9] . Recently, several medical implant manufacturers issued recalls of their hip implants with complications due to tribocorrosion [10, 11] . In one case, implant failure was projected to affect 40 % of implant recipients [10, 12] . While such an extreme failure may be uncommon, weight-bearing joint replacements, such as knee and hip implants, suffer from long-term revision rates of 12 % [13] and 17 % [14] , respectively [15] [16] [17] . The majority of failures are due to aseptic loosening [15] [16] [17] . Aseptic loosening is thought to be the result of chronic inflammatory response to implant surface debris and metal ions released as a result of tribocorrosion at the implant-bone interface [16] . While knee and hip implants may last up to 12 years on average, the life-expectancy of the US population continues to rise [14] . Consequently, replacement surgeries for dental, hip, and knee implants have seen an increase of about 100 % over the past decade [18] [19] [20] , especially for the 45-64 years age group [18] . The increase in life-expectancy coupled with the increase in the elderly population, and increased implantation rate highlights the importance of a longer-lasting implant.
For a comprehensive investigation of biomaterials, such as Ti6Al4V alloy (Ti-V), tribocorrosion studies are essential. For corrosion and tribology experiments, a potentiostat is used to analyze electrochemical behavior [2, 21] . Investigators and research labs have attempted to modify existing tribometers or purchase commercial tribocorrosion apparatuses, and even some have attempted construction of a custom-built apparatus. While no standard exists for construction of a tribocorrosion apparatus, existing system designs can be studied to discover features important for a tribocorrosion apparatus. The main objective of this study is to develop an inexpensive, compact, and mobile tribocorrosion apparatus that is simple to use and has good repeatability.
Tribocorrosion Apparatus
In order to develop a tribocorrosion apparatus, an in-depth study of existing literature is required. The findings of the investigation and a validation pilot study are described below.
Considerations for Tribocorrosion Apparatus Design
A custom-built tribocorrosion apparatus offers the advantage of flexibility to reflect the needs of the investigation. Priority must be given to important functions of a tribocorrosion apparatus, while some functions may need to be sacrificed. For example, load cells for obtaining normal and friction force values can cost several hundred dollars and may not be necessary initially, but a robust motor which can run continuously for hundreds of cycles is necessary. Once a design is established, the longevity of system components is a primary concern. In particular, the motor used for tribology and the electrochemical cell used for electrochemical measurement are important components. As already mentioned, the motor needs to be able to run continuously for several hundred cycles per sample and test all the samples necessary for successful completion of the study. The electrochemical cell should not leach material into the solution and should be electrically inert. Also, the connecting wiring needs to be isolated from the solution. It is important to understand that while expensive industrial tribocorrosion apparatuses are meant to function for several years, they may not be necessary for short-term investigations. Finally, an investigator must also consider budget constraints and evolving functional needs.
Non-uniformity in Literature
While all tribocorrosion systems are conceptually similar, there are some design differences reported in the literature. For example, a pin or ball of various materials is used as a counter-body, which can have a unidirectional or reciprocal movement against the sample. Other designs feature the sample moving against the stationary counter-body. Furthermore, while linear reciprocating motion is common, a few systems employ a circular track, where the pin or ball moves on the sample in a continuous or intermittent circular path, with or without reciprocation [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In some cases, a warm water bath surrounds the electrochemical cell to mimic body temperature [25, 29, 33] . Major differences and similarities between the systems in literature are given in Table 1 and briefly described below.
• All of the systems incorporated a counter-body which is resistant to wear and is electrochemically inert; the counter-body was routinely inspected, cleansed, and replaced as needed [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . The counter-body is required to perform in reproducible manner for every sample and therefore special care needs to be taken. Conductive materials for the counter-body, for example, would alter the electrochemical data.
• All electrochemical cells, including the sample holder, were constructed of materials resistant to corrosion, such as polyvinyl chloride (PVC) [21-23, 27, 31] , Teflon [24] , acrylic [34] , and polypropylene [30] , while many others did not mention the choice of material [25, 26, 28, 29, 32, 33, 35, 36] . Similar to the considerations for the counter-body, any leached material from the electrochemical cell into the corrosion solution may alter the tribological dynamics (third-body wear) and reaction kinetics.
• Nearly all of the examined apparatuses in the literature measure frequency of pin movement using equipment such as laser diodes, photoelectric sensors, and tachometers [21-23, 25, 27, 31, 36] . The remainder of the systems mention control of pin movement frequency and amplitude, however, no explanation is given for how pin movement is monitored [24, 26, [28] [29] [30] [32] [33] [34] [35] . In order to replicate biological phenomena, specific frequencies, length, and duration of movement are necessary. This includes, but is not limited to, teeth, knees, and hips. All of these structures experience different loads, movements, and physiological solutions.
• All systems used a combination of load cells and/or piezoelectric transducers for the measurement of normal force and frictional force [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Specifically, these components are used to ensure that a constant load is applied to the sample surface and the coefficients of friction are obtained to understand wear dynamics.
• While not mentioned specifically in all of the studies, the placement of counter and reference electrodes (CE and RE, respectively) relative to the working electrode (WE) was vital to prevent noise and collect accurate data [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Piezoelectric force transducer for normal and frictional force, a LabView software
Development of a Tribocorrosion Apparatus
Based on literature and investigational needs, the final design of the tribocorrosion apparatus and components of the experimental setup are given in Fig. 1 . Sketchup 8.0 (Google Inc., Mountain View, CA, USA) was used to render a 3-dimensional model of the tribocorrosion apparatus to feature the main components (Fig. 1b) . The tribocorrosion apparatus includes (i) a motor and classic slider-crank mechanism for linear reciprocal counter-body pin movement, (ii) electrochemical cell housing the WE, RE, and CE, and (iii) a water-jacket surrounding the electrochemical cell with input and output ports for the heated and cooled water, respectively. A variable power supply (Kepco, MPS 620 M, Flushing, NY, USA) is used to power the motor, a potentiostat (G700, Gamry, Warminster, PA, USA) was used for the electrochemical tests, and the data were analyzed using OriginPro 9.0 (OriginLab, Northampton, MA, USA). The electrochemical cell is shown in Fig. 2 . Isolation of the probe connections to the WE from the corrosion solution required a screw-in method of the sample holder, where the wiring is connected from the bottom of the electrochemical cell (Fig. 2a) . The electrochemical cell is surrounded by a water bath, ensuring the environment is at body temperature (Fig. 2b ). The frequency of reciprocal motion is monitored by a tachometer (Digital Laser Photo Tachometer Non-Contact, Model # DT-2234C ? ). The counterbody pin is mounted under a frictionless track connected to the motor (Fig. 2c) . The track is mounted to a spring-loaded plate, onto which, weights are added to push the trackmounted pin onto the sample. To determine the load at the point of contact, a load cell was used for calibration. The dimensions of the apparatus are 12.5 in (31.8 cm) in height, 8 .0 in (20.3 cm) in width, and 12.5 in (31.8 cm) in length, with a volume displacement of 0.72 ft 3 (.02 m 3 ), making it possible to be placed in a compact space, such as an incubator (Fig. 3) . Finally, the custom-designed apparatus was constructed at a low cost, up to two orders of magnitude less than commercial systems.
Pilot Study
The custom-built apparatus is validated with an analysis of the tribocorrosion behavior of Ti-V disks in artificial saliva (pH = 6.5, T = 37°C). For this study, potentiodynamic, free potential, and potentiostatic analyses were used for electrochemical characterization of Ti-V disks. White light interferometry and scanning electron microscopy were used to analyze wear scars on the Ti-V disks. After validation, the apparatus was used to investigate the tribocorrosion behavior of Ti-V disks in culture media inside an incubator (Revco Scientific Inc., M # WJ501TABA, Asheville, NC, USA). The culture media was used as the electrolyte consisting in alpha minimum essential medium (a-MEM) supplemented with 10 % fetal bovine serum (FBS), and 1 % penicillin-strepsin, at pH of 7.4 and 37°C in a humidified atmosphere of 5 % CO 2 /air. As Fig. 3 shows, the apparatus is placed inside the incubator with its door closed over the electrode and motor connections. The compactness of the apparatus allows for its use to study implant materials in culture media with live cells to mimic biological conditions to study the effect of osteoblasts and bacteria on tribocorrosion behavior. In this study, 12 Ti-V disks were cut and polished from Ti-V rods (McMaster-Carr, Elmhurst, IL, USA). The chemical composition of Ti-V alloy is given in Table 2 (McMaster-Carr). A smooth surface (R a = 10 ± 2 nm) was achieved by (i) wet-grinding using a series of abrasive pads (#200, 320, 400, 600, and 800; Carbimet 2, Buehler, Lake Bluff, IL, USA), (ii) polishing with a polishing cloth (TexMet, Buehler, Lake Bluff, IL, USA), diamond paste (MetaDi 9-micron, Buehler, Lake Bluff, IL, USA), and lubricant (MetaDi Fluid, Beuhler, Lake Bluff, IL, USA), and (iii) fine-polishing with a separate polishing cloth (Chemomet I, Buheler, Lake Bluff, IL, USA) with colloidal silica polishing suspension (MasterMed, Buehler, Lake Bluff, IL, USA). Polished samples were ultrasonically cleaned for 10 min in 70 % isopropanol (Sigma Aldrich, St. Louis, MO, USA) and 10 min in deionized (DI) water (18.2 MX-cm, Barnstead NANOPure, Lake Balboa, CA, USA) and finally dried with N 2 gas (Grade 4.8, 99.998 %, Progressive Industries, Inc., Chicago, IL, USA). Table 3 contains the composition of artificial saliva (AS) as suggested by Liu et al. to imitate normal oral conditions [37] .Artificial saliva pH = 6.5 (120 ml) was achieved by adding NaOH (basic) to the AS. To imitate the daily mastication of a person, an alumina ceramic pin was used as the counter-body with a normal force of 1.7 N (Hertzian contact pressure of 24 MPa, contact area of 0.071 mm 2 ) and a 1 Hz reciprocal motion for 1,800 cycles [38] [39] [40] .
As previously mentioned, a Gamry potentiostat (G300, Gamry Inc., Warminster, PA, USA) with a three-electrode configuration (American Society for Testing of Materials (ASTM) guidelines (G61 and G31-72)) was used to conduct standard corrosion tests during sliding such as potentiodynamic (PD), potentiostatic (PS), and free potential (FP) tests (n = 4/group). In addition, electrochemical impedance spectroscopy (EIS) was conducted before and after sliding. A saturated calomel electrode (SCE) was used as the Reference Electrode (RE), graphite rod as the Counter Electrode (CE), and the exposed surface (1.77 cm 2 ) of the Ti-6Al-4V disks as the Working Electrode (WE). The temperature of the test solution was maintained at 37 ± 1°C. The standard protocol used for the tests consists of an initial stabilization period, a sliding period, and a final stabilization [41] [42] [43] [44] . First, in order to understand the shift in the corrosion kinetics, potentiodynamic tests were conducted. These were followed by a series of free potential (FP) tests to monitor evolution of potential. Finally, a series of potentiostatic tests (PS) at E corr were conducted to monitor evolution of current. Electrochemical impendence spectroscopy (EIS) was conducted before and after sliding to examine the changes in corrosion kinetics under mechanical stimulation [3, 45] . For the investigation of tribocorrosion behavior of Ti-V 
where K WC is the total mass loss due to wear and corrosion (tribocorrosion) and is approximated to be equivalent to half of an ellipsoid with axis a, b, and c, D is the density of the material, K W is the mass loss due to sliding wear, and K C is the mass loss due to corrosion. It is assumed that corrosion outside of the wear track is negligible and therefore not considered for calculation of K WC , K W ; and K C [3, 4, 25, 46] . The weight loss due to corrosion can be estimated using Faraday's Law:
where Q is the charge passed, F is the Faraday's constant (96,500 C mol -1 ), Z is the number of electrons involved in the corrosion process (assumed to be 2), I is the total current, t is the total exposure time, and M is the atomic mass of the material or equivalent weight. Based on these calculations, relative contributions of corrosion and wear to the wear scar can be estimated by Eq. 4 [48, 49] .
where the ratio determines whether the weight loss is dominated by wear, corrosion, or due to a combination of wear and corrosion: K c =K w 0:1 for wear dominated, K c =K w [ 10:0 for corrosion dominated, 0:1 K c =K w 1:0 for wear as main component, and 1:0 K c =K w 10:0 for corrosion as main component [48, 49] . A scanning electron microscope (SEM) (JEOL JSM-6490 LV, Oxford Instruments, Oxford, UK) was used for characterization of surface morphology.
Results and Discussion

Electrochemical Analysis
Potentiodynamic (PD), free potential (FP), and potentiostatic (PS) tests were conducted for validation of the tribocorrosion apparatus based on examination of literature. Electrochemical impedance spectroscopy was conducted before and after sliding (Fig. 4) and the oxide is modeled after a modified Randle's circuit which places the polarization resistance (R P ) in parallel with constant phase element (CPE) of the oxide film, in series with the solution resistance (R S ) [50] . As reported in the literature, the oxide film did not change significantly before and after sliding. [43, 44] R S is resistance of the electrolyte between the sample and reference electrode; R P is the charge transfer resistance at the sample surface and electrolyte interface; CPE is used in place of a capacitance due to the inhomogeneity of the passive layer [44] . Before sliding, average R S , R P , and CPE are calculated to be 267.9 ± 11.4 X, 1.1 ± 0.16 9 10 7 X, and 2.6 ± 0.4 9 10 -5 Fs , respectively. After sliding, average R S , R P , and CPE are calculated to be 269.1 ± 6.9 X, 1.2 ± 0.11 9 10 7 X, and 2.6 ± 0.4 9 10 -5 Fs , respectively. These values are similar to those reported in literature [43, 44] . However, Mathew et al. reported R P values to be much lower [43] . Figure 5a shows a corrosion-only PD curve of a Ti-V sample in Artificial Saliva (AS) of pH = 6.5, and Fig. 5b shows a tribocorrosion PD scan of a Ti-V sample in AS of pH = 6.5. The observed E corr (corrosion potential), which indicates the readiness of a material to corrode, is similar to values reported for Ti-V alloy in literature in the range of -0.5 to -1.0 V [1, 44, [51] [52] [53] [54] . Compared to corrosiononly PD scan, the E corr of Ti-V alloy during tribocorrosion is slightly higher (-0.8 vs. -0.6 V. Upon initiation of sliding, the current increased drastically (cathodic shift) and reached a fluctuating range of 1 and 100 lA as the passive layer was repeatedly formed and destroyed during sliding. This range of current, also known as passivation current (I PASS ), is similar to those reported in the literature [1, 43, 44, [52] [53] [54] . The fluctuating current can be explained as follows. The current increases (cathodic shift) as the passive film is destroyed by the sliding alumina pin [54] . As the pin passes and the worn surface is allowed to interact with the surrounding solution, the surface is repassivated and the current decreases (anodic shift) until the pin slides over the area again to repeat the cycle [54] . As the trend in the graph shows, the depassivation and repassivation process are not in equilibrium; instead, the overall trend is a cathodic shift, where the sliding is causing more depassivation than repassivation. As Fig. 5a shows, neutral pH corrosion-only PD tests of Ti-V alloy is known to result in a stable I PASS region with no fluctuation or increase in the current [23, 48, 49, 51] . However, under mechanical stimulation (Fig. 5b) , the I PASS region is slightly higher during tribocorrosion and continues to shift to higher current regions during sliding [54] . Comparing corrosion-only and tribocorrosion PD scans, it can be seen that the Ti-V alloy has poor tribocorrosion behavior, more specifically, the Ti-V alloy has poor wear resistance.
Potentiodynamic Scan
Evolution of Potential
An evolution of potential curve, obtained from free potential tests (FP), of Ti-V sample in AS of pH = 6.5 is shown in Fig. 6a . Figure 6b and c show the changes in potential during the beginning and end of sliding. It was difficult to compare these results to literature due to the differences in the normal force and contact area used. These parameters affect the contact pressure, which the surface experiences during sliding, and therefore the wear [3] . In the present study, the potential increased during sliding from OCP to the cathodic direction in the range of -0.7 and -0.9 V and stabilized after cessation of sliding. Such a trend is reported in several studies [41, 45, 49, [53] [54] [55] . This drop and recovery in potential indicates the initiation and cessation of sliding, respectively, of alumina pin on Ti-V alloy samples. Such a drop in potential during sliding indicates the removal of the passive film, which protects the metal from corrosion [46] . Initiation of sliding does not result in an instantaneous decrease in potential. Instead, a gradual decrease in potential is observed over several cycles of sliding until a dynamic equilibrium of depassivation and repassivation is reached (Fig. 6b) . The cessation of sliding does not result in a sudden recovery in voltage either. Instead, a gradual decrease is observed over 300 s of rest until OCP is reached (Fig. 6c) . Comparatively, Fig. 7 shows the evolution of potential of Ti-V disks in culture media placed in an incubator. The evolution of potential follows the same pattern as described before, that is, potential drops rapidly during sliding and gradually increases to OCP once sliding ceases. However, OCP before sliding, the potential drop during sliding, and OCP after sliding are all lower than the potential values observed for the validation portion. The lower potential values indicate that the culture media may have a negative effect on the tribocorrosion behavior of the Ti-V surface. Although cells were not included at this stage, the preliminary results may explain why there are discrepancies between the predicted life-span of implants and the actual in vivo tribocorrosion behavior. While tribocorrosion studies have been studied in water baths to mimic body temperature involving culture media and cells, the compactness of the apparatus (volume displacement of 0.72 ft 3 (.02 m 3 )) makes it possible for the investigation of tribocorrosion behavior of implant materials with cells in an incubator to better mimic in vivo conditions.
Potentiostatic Scan
A PS curve of Ti-V sample in AS of pH = 6.5 is shown in Fig. 8a-c which shows the changes in current during the beginning and end of sliding. This test was carried out at E corr which was obtained from the PD scans. While PD scans were easier to compare with literature, PS data depend on the type of counter-body material, contact area, normal force, frequency, and length of sliding. Similar to FP scans, PS scans were difficult to compare with literature due to the various parameters which differ from study to study; however, several comparable observations can be made. In studies involving neutral pH, the current increased (cathodic) dramatically during sliding in tribocorrosion PS tests [43, 45, 46, 53, 56] . The increase and decrease in current indicates the initiation and cessation, respectively, of sliding of alumina pin counter-body on Ti-V samples. Initiation of sliding does not result in an instantaneous increase in current; however, rather a gradual increase is observed over several cycles of sliding until a Fig. 4 Electrochemical impedance spectroscopy before and after sliding. Inset Modified Rande's circuit is used to model the oxide film. The graph shows no significant change in the oxide composition before and after sliding dynamic equilibrium of depassivation and repassivation is reached. In the present study, the current fluctuated between 4.0 and 8.0 lA during sliding (Fig. 8a) . The current continues to shift to higher current regions during sliding, which is indicative of depassivation [29, 41, 43, 46] . As the sliding of the alumina pin damages the film, repassivation does not occur completely before the pin returns to the same area, therefore the trend is toward depassivation. Additionally, the repassivated oxide layer may not be thick enough and therefore is entirely removed once the pin slides over the area. After sliding is halted, the current decreases (anodic) and is indicative of repassivation of the damaged area [29, 47] . The cessation of sliding does not result in a sudden decrease in current, however, rather a gradual decrease of current is observed over a several seconds until pre-sliding current values are reached. Figure 9 shows the WLI intensity map image of the wear scar region of a Ti-V sample with a 20 9 magnification lens and an image zoom of 29. The oblique plot of the Fig. 10 , was used with ImageJ software to measure the depth, width, and length of the wear scars. For potentiostatic scans, the depth, width, and length of the wear scars were measured to be 13.7 ± 2.6, 202 ± 25, and 1880 ± 61 lm, respectively. For free potential scans, the depth, width, and length of the wear scars were measured to be 14.0 ± 2.5, 212 ± 10, and 1810 ± 91 lm, respectively. No significant difference was observed between potentiostatic and free potential scans. Figure 11 shows the SEM images of the wear scar of the three Ti-V samples with 960 and 9300 magnification. As the SEM images show, all three electrochemical tests produced similar wear scars with pitting, grooves, and deformation due to compression and shear. The uniformity of the wear scar length, width, and depth suggest that the mechanical components of the tribocorrosion apparatus behave in a consistent manner.
Surface Characterization
Wear and Corrosion Loss
Using the measured length and width of the wear scar and the assumption that the wear scar resembles an ellipsoid, the total wear loss K WC ð Þis calculated to be 12.4 ± 1.5 and 12.0 ± 0.9 lg for free potential and potentiostatic scans, respectively, with no significant difference. Using Eq. 2 and the current values obtained from potentiostatic scan in Fig. 8a , K C is calculated to be 5.25 ± 0.30 lg. K W is calculated to be 6.75 ± 1.0 lg, and the estimated synergistic weight loss ratio K c =K w ð Þ is calculated to be 0.78 ± 0.1. For the synergistic weight loss ratio between 0.1 and 1.0, a combination of wear and corrosion occurs where wear may play a larger part. This may be explained with the Archard wear equation
where Q is the total wear volume produced, W is the total normal load, H is the hardness of the softest contacting surfaces, K is a constant, and L is the sliding distance. As per Archard's equation, the weight loss is inversely proportional to the hardness; Ti-V is observed to be a soft material and therefore would experience greater weight loss due to tribocorrosion [57] . While exact comparison of weight loss results was not possible with corresponding values reported in the literature, there are some observed similarities. Alves et al., for example, reported wear scar depth of 16.0 ± 5.66 lm for tribocorrosion on CP-Ti (similar density to that of Ti-V alloy) using a normal force of 2 N, artificial saliva of 37°C, alumina ball counter-body of 10 mm diameter, 3 mm displacement of 2 Hz and 720 s duration [58] . Licausi et al. reported a weight loss of 384 lg for tribocorrosion of Ti-V alloy using alumina ball of diameter 6 mm, a load of 5 N, and artificial saliva of pH 6.0 and 37°C [53] . However, the path of sliding was circular, longer, and the contact stress was considerably higher, which may explain the greater weight loss [53] . reported a wear loss of 13.6 ± 3.25 lg for tribocorrosion using an alumina ball of diameter 10 mm and normal load of 1 N and sliding distance of 2 mm and 1 Hz in a PBS solution (37°C, pH = 7.5) [50] . Due to similar contact area, wear scar length, and load, Runa et al. had similar results to those detailed in this study [50] .
Scope and Future Directions
Further experiments need to be conducted in AS solutions of acidic and basic pH to mimic the changes that occur in the oral environment such as infection and food consumption. In addition, by increasing the normal load, orthopedic conditions can be mimicked with synovial fluid at acidic and neutral pH for infection and normal conditions, respectively. For both dental and orthopedic environments, both sliding and fretting mechanical stimulation need to be considered for a full understanding of tribocorrosion of the entire implant. While sliding experiments of a few millimeters in displacement mimic wear in joints, fretting experiments of approximately 100 lm or less in displacement may better mimic micro-movements between implant components, such as implant-abutment or crownabutment, or within implant-bone interfaces such as the stem-femur or screw-mandible interfaces. Further improvements to the tribocorrosion apparatus can also be made.
• It was noticed that in some experiments, the edges of the truncated alumina pin may have caused the pin to become jammed in areas of the wear track where roughness was introduced during sliding. Therefore, a cylindrical or spherical surface without edges may provide smoother sliding.
• In addition, a spherical or cylindrical contact surface would provide a point or line contact, respectively, which would generate the required contact pressure using a lower load. Lower loads would decrease the workload on the motor used for reciprocating movement and therefore prolong its use.
• The electrochemical cell volume needs to be decreased as the current version requires a large volume of corrosion solution, which can become costly and burdensome to replace.
• While the current pin mechanism is permanently in place above the sample, and the sample holder is removed to replace samples, a hinged alumina pin holder which may be swung away from or onto the sample may allow for greater degree of freedom for removing and replacing the sample, respectively. • Finally, it was noticed in one of the WLI images that the alumina pin had jumped its original track and formed a parallel secondary track. A shorter alumina counter-body, therefore, would provide for a more stable movement, and therefore consistent wear tracks.
Conclusion
This work demonstrates the feasibility of designing, developing, and building a compact and inexpensive tribocorrosion system. A pilot study was conducted to investigate the tribocorrosion behavior in artificial saliva and a preliminary study involving cell media in an incubator. The construction of a tribocorrosion system requires a detailed examination of existing systems and this study offers an analysis of the needs obtained from literature. The results of the tribocorrosion study of the Ti-V alloy validated the system when compared to the tribocorrosion behavior reported in literature. Using WLI data and Faraday's Law, it is observed that the overall trend of the Ti-V alloy is toward depassivation of the surface due to tribocorrosion with wear as the leading component. The use of the system can now be expanded to include fretting and sliding investigations of experimental surface modifications of Ti-V alloy and other metals in dental and orthopedic environments. In addition, the system proves to be suitable for tribocorrosion studies in an incubator to investigate the effects of cells on implant surfaces. Finally, a few additional changes are suggested to improve the design and development of a versatile tribocorrosion apparatus.
